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Abstract
Background. Familiarity with liver anatomy and refinements in operative technique have led to interest in liver conservation
when dealing with hepatic tumors. There is thought to be less morbidity, less blood loss (EBL), a shorter hospital stay (LOS),
and no penalty for long-term survival with segmental hepatectomy.
Methods. One hundred ninety-six patients who underwent segmental (SEG group) (N=70) or major (MAJOR group)
(N=126) hepatectomy for liver neoplasms were retrospectively reviewed. Clinical parameters of mortality, morbidity, EBL,
LOS, and actuarial survival in patients with colorectal metastases were examined.
Results. There were no differences in age or gender between the SEG and MAJOR groups. There were no deaths among 64
non-cirrhotic patients in the SEG group and 4 deaths (3.2%) among 124 non-cirrhotic patients in the MAJOR group
(p=0.19). There were 4 postoperative complications in the SEG group (5.6%) and 22 in the MAJOR group (17.3%)
(p50.05). The EBL for the SEG group was 912+842 ml compared to 3675+3110 ml in the MAJOR group (p50.001). The
hospital LOS for the SEG group was 9.4+6.4 days and for the MAJOR group 10.2+5.9 days (p=0.32). Life table analysis of
survival for resection of colorectal metastases showed two-year patient survival of 40% in the SEG group (N=17) and 45% for
the MAJOR group (N=46).
Conclusion. Segmental resections were associated with less EBL and fewer postoperative complications. There was a trend
towards fewer deaths in non-cirrhotic patients, and no apparent penalty for a smaller hepatic resection in long-term survival.
While sometimes technically more challenging, segmental resections are preferable when feasible and should be utilized in
efforts to conserve liver parenchyma.
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Prior to a better understanding of liver anatomy,
early experience with hepatic resection for neoplasm
focused on partial or, as we know today, segmental
hepatectomy. Keen [1] reported a resection of the left
liver which was probably a left lateral segmentectomy,
and later, Grey Turner [2] described a right hepatic
resection which, in all likelihood, was a segmental re-
section of segments V and VI. Longmire and Scott [3]
reported removal of a large hepatic adenoma involving
the anterior segments of the right and left livers in
1948. These limited liver resections avoided encoun-
ters with large portal and hepatic veins where massive
blood loss could seriously compromise survival. How-
ever, in the 1950s the popularity of major liver resec-
tions (hemihepatectomy) increased due to favorable
initial reports of surgeons like Lortat-Jacob [4] and the
Quattlebaums [5]. In part, this was a result of a new
appreciation of liver anatomy as pertained to the intra-
hepatic distribution of vascular and biliary structures
described by such anatomists as Claude Couinaud [6]
and Goldsmith and Woodburne [7]. By the late 1970s,
segmental resections according to the anatomy of
Couinaud were largely abandoned because they were
felt to be ‘complicated, prolonged, and risk-increasing’
as well as unnecessary due to the remarkable ability of
the non-cirrhotic liver to regenerate [8]. Nevertheless,
some surgeons saw a place for segmental resections.
Bismuth et al. [9] advocated ‘segmentectomies’ to
avoid unnecessary removal of normal liver paren-
chyma, for carcinomas of the gallbladder, for removal
of small hepatocellular carcinomas, and for liver
resections in cirrhotic livers. Others [10,11] have since
championed the segmental approach to liver resection
for preservation of liver parenchyma, even in
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non-cirrhotic livers. Such anatomic resections have
comprised 20--30% of liver surgery for neoplasms
[11,12].
Because of the putative advantages of liver preser-
vation, reduction of blood loss, and lower postoper-
ative mortality and morbidity with anatomic segmental
resections, we have retrospectively reviewed our series
of hepatectomies to determine whether this hypothesis
is true and to determine, in the case of colorectal
metastases, if limiting resection seems to affect
survival.
Materials and methods
Patients undergoing liver resections for benign and
malignant hepatic tumors were retrospectively re-
viewed. Patients were grouped according to major
hepatectomy (right or left hemihepatectomy, extended
right or left hemihepatectomy) (MAJOR) or segmen-
tectomies, using the segmental anatomy defined by
Couinaud [6] (SEG). MAJOR resections were defined
as removal of at least segments V, VI, VII, and VIII in
the right hemi-liver and segments II, III, and IV in the
left hemi-liver; and SEG resections at least one
anatomic hepatic segment. Subsegmental or wedge
resections were eliminated from analysis unless they
were associated with a major or segmental resection.
Preoperative liver function was essentially normal in all
non-cirrhotic patients. The cirrhotic patients were
classed as either Child’s-Pugh A or B hepatic reserve.
All operations were performed open via an upper
abdominal incision. Intraoperative ultrasound was
used to examine the liver and outline major inflow and
outflow vessels. Segmental resections were undertaken
after portal pedicle anatomy was defined by ultra-
sonography or using topographical landmarks as
described by Couinaud [6]. Inflow occlusion was
performed on many, but not all, of the patients.
Parenchymal dissection was carried out using the
ultrasonic dissector. Parameters examined included
age, gender, mortality, morbidity, estimated blood loss
(EBL), and length of hospital stay (LOS). A subgroup
of segmental resections, those patients with metastatic
colorectal tumors, was studied to determine any
survival advantage or disadvantage to lesser hepatec-
tomies. All resections were performed by the senior
author (TSH).
Comparisons of sex and age of the MAJOR and SEG
groups were conducted using chi-square and t-test,
respectively. The t-test method was used to compare
means for EBL and LOS by group. The percent of
patients experiencing complications in the SEG group
was compared with the MAJOR group using Fisher’s
Exact Test. Survival analysis was calculated using the
Kaplan-Meier method. Homogeneity between groups
was tested using the log rank and Wilcoxon statistics.
Values are expressed as mean+standard error of the
mean. Statistical significance was determined at
p50.05.
Results
A total of 196 patients were reviewed. One hundred
twenty-six patients had a major hepatectomy (MAJOR
group) and 70 received a segmental resection (SEG
group). The indications for liver resection are listed in
Table I. The distribution of operations is depicted in
Tables II and III. The majority of segmental resections
(90%) were for anterior or left lateral lesions. Reasons
for choosing a MAJOR rather than a SEG resection are
described in Table IV. In 85% of patients the reason for
choosing a major hepatectomy was either a large tumor
or multiple tumors in the same hemi-liver. There were
66 males and 60 females in the MAJOR group and 28
males and 42 females in the SEG group (no statistical
difference). The mean age in the MAJOR group was
56.3+1.2 years and in the SEG group 57.0+1.8 years
(no statistical difference). EBL was determined to be
3674+228 ml in the MAJOR group and 911+304 ml
in the SEG group (p50.001). Overall, there were eight
deaths in the study groups (4%): five in the MAJOR
and three in the SEG group. All deaths in the SEG
group were in cirrhotic patients. The cause of death in
each of these three individuals was postoperative liver
failure despite efforts to conserve liver tissue. All six
cirrhotic patients were Child’s-Pugh A or B prior to
operation. There were 4 postoperative deaths among
124 non-cirrhotic patients in the MAJOR group and no
deaths among 64 non-cirrhotic patients in the SEG
group (p=0.19). Postoperative complications are
listed in Table V. Twenty-two patients in the MAJOR
group experienced at least one postoperative compli-
cation compared to five patients in the SEG group
(p=0.04). The mean hospital LOS for the MAJOR
group was 10.2+0.6 days and the SEG group 9.4+1.2
days (no statistical difference). Sixty-three patients
underwent liver resection for colorectal metastases and
were available for follow-up, 46 in the MAJOR group
and 17 in the SEG group. Life-table analysis of survival
Table I. Indications for operation in patients undergoing liver
resection
Indication MAJOR SEG
Benign 18 16
Malignant:
Colorectal 59 27
Hepatocellular 20 12
Cholangiocarcinoma 8 3
Stromal tumor 4 4
Gallbladder 1
Breast 2 2
Pancreas 1
Ovarian 4 3
Renal 2
Neuroendocrine 3
Unknown primary 2 1
Melanoma 1
Stomach 1
Cervical 1
Lung 1
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between the two groups is depicted in Figure 1. The
difference in survival between the two groups is not
statistically significant. Two-year actuarial survival was
found to be 40% in the SEG group and 45% in the
MAJOR group.
Discussion
The advantages of segmental liver resection appear to
be two-fold: conserving functioning liver and reducing
the attendant dangers of more extensive liver resections.
This is particularly advantageous in those patients who
may be at higher risk for major liver resections such as
cirrhotics, the elderly, and those who would be left with
a small liver remnant. On the other hand, a less
extensive resection might compromise margins around
tumor and could leave micrometastases behind. For
example, Scheele et al. [13] found that limited, or non-
anatomic (wedge-type), resections were a factor in
lowering survival. Indeed, the postoperative course in
SEG resections was favorable. There were no deaths
in non-cirrhotics undergoing SEG resection (although
overall mortality did not differ between the two groups).
Additionally, we found less blood loss, a trend toward
fewer postoperative deaths (in non-cirrhotics), and
fewer postoperative complications in those patients
who underwent a segmental resection. Length of
hospital stay did not differ between the two groups,
probably because the incisions used for either seg-
mental or major hepatectomy were often the same, and
recovery from the operation was largely a matter of
pain management. In cirrhotic patients, despite the
theoretical advantage of segmental resection in preserv-
ing liver tissue, operative mortality was still 50%, more
likely reflecting the precarious nature of hepatic reserve
in cirrhotic liver disease rather than extent of liver
resection.
In performing segmental resections, the ability to
remove all tumor with adequate margins was a concern
to us. In many cases, hemihepatectomy may have
afforded wider margins. Some [14,15] have reported a
higher rate of recurrence when the surgical margins are
less than 1 cm. However, recurrence rates appeared no
higher in the SEG group as determined by actuarial
survival following resection for colorectal metastases,
at least at the two-year mark. This supports the
Table III. Distribution of major liver resections (N=126)
Type of Hepatectomy Number
Right hepatectomy 80
Left hepatectomy 59
Extended right hepatectomy 15
Extended left hepatectomy 2
Table IV. Identifiable reasons for hemihepatectomy
Reason Number
Large (45 cm) tumors 68
Multiple tumors same hemi-liver 22
Posterior/superior segments, right liver 12
Encroachment on segment IV, left liver 4
Table V. Postoperative complications (deaths excluded)
Complication MAJOR SEGMENTAL
Bile leak 10 1
Perihepatic abscess 3 0
Postoperative bleeding 3 1
Wound infection 2 0
Liver failure 1 1
Pulmonary embolus 1 1
Myocardial infarction 0 1
Femoral artery embolus 1 0
Wound dehiscence 1 0
Total 22 5
Table II. Distribution of segmental liver resections (N=70)
Segments Number
II and III 24
IV 3
IV and V 3
V 6
IVa, V, and VI 4
V and VI 16
VI 3
VII 2
VIII 2
VII and VIII 1
V and VIII 2
II, III, and V 1
II, III, and IVa 1
III, IVa, V, and VI 1
I 1
Figure 1. Kaplan-Meire analysis and log-rank test comparing
patients undergoing segmental or major liver resection for colo-rectal
metastases. Actuarial survival at 2 years between the groups is not
statistically significant.
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observation by others [16,17] that wide margins are
not necessary, at least for colorectal metastases, and
long-term survival is identical as long as all gross
tumor is removed. In fact one group [18] found a better
five-year actuarial survival with segmental resection
compared to wedge excision in 1001 patients with
colorectal metastases. The advantage was an ability to
obtain clear surgical margins by encompassing more
liver than with less aggressive wedge resection where
there was a 16% rate of positive margins.
Patients were selected for segmental resection by the
size, number, and location of tumors. The most com-
mon reason for selecting a major hepatectomy was the
presence of a large (45 cm) tumor. However, tumors
located in the posterior segments of the right liver or
encroaching on the medial segment (IV) of the left liver
were treated by a major right or left hepatectomy.
Seventeen percent of segmental resections involved the
posterior segments VI and VII or ‘dome’ of the liver
(segment VIII), areas which are less accessible and
which harbor major trunks of the hepatic veins. These
areas require full mobilization of the right hemi-liver,
ultrasonic identification of hepatic vein branches as
well as portal pedicles, and control of the right hepatic
vein, as well as tributaries from the middle hepatic vein.
Such maneuvers are technically more challenging, and,
with bulky tumors as well, can result in unnecessary
blood loss while attempts are made to secure larger
hepatic vein branches with less than optimal exposure.
Hemihepatectomy, in these instances, is safer. Anterior
(segments IVa, V, and VI) and left lateral (segments II,
III) segmental resections were more common since
encounters with the proximal branches of major
hepatic veins could be avoided and operative exposure
is generally easier. Literature series report that from
11% to 38% of segmental resections involved segments
VII and VIII [19], either singly or in combination. All
describe wide exposure, full mobilization of the right
liver, intraoperative ultrasonic guidance, and inflow
and outflow control. Mention is also made of a more
tedious dissection as the plane of resection can be wider
than with hemihepatectomy.
In summary, segmental resections afford an oppor-
tunity to limit the amount of functioning liver tissue
removed. Conservation of liver can be important in
normal as well as diseased livers to reduce the risk of
postoperative liver insufficiency from too small a liver
remnant, in the case of advancing age, or with cirrhosis.
However, patients should be selected judiciously.
Large tumors located in the superior or posterior
aspects of the liver may be more safely resected using
conventional hemihepatectomy to avoid uncontrollable
bleeding from larger hepatic vein branches. Regardless,
the same operative principles developed for major liver
resection need to be applied to segmental resection:
wide exposure, complete mobilization, inflow and
outflow control, and use of the ultrasound for identi-
fication of intraparenchymal structures.
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